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FOREWORG 


This report has had classified material ;emoved in order to 
make the information avcilable on an unclassified, open 
publication basis, to any interested parties. This effort to 
declassify this repor’. has been accomplished specifically to 
Support the Department of Defense Nuclear Test Personnel Review 
(NTPR) Program. The objective is to facilitate studies cf the 
low levels of radiation received by some individuals during the 
atmospheric nuclear test program by making as much information 
as possible available to all interested parties. 


The material which has been deleted is al) currently 
classified as Restricted Data or Formerly Restricted Data under 
the provision of the Atomic Energy Act of 1954, (as amended) or 
*s National Security Information, 


This report has been reproduced directly from available 
copies of the original material, The locations from which 
material has been deleted is generally obvious by the spacings 
end “holes” in the text, Thus the context of the material 
deleted is identified te assist the reader in the determination 
of whether the deleted information is germane to his study. 


It is the belief of the individuals who have participated 
in preparing this report by deleting the classified material 
and of the Defense Nuclear Agency that the report accurately 
portrays the contents of the original and that the deleted 
material is of little or no significance to studies ints tne 
amounts or types of radiation received by any individuals 
during the atmospheric nuclear test program. 
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may Yemain. Per Lte. on ile dtd q Noy. 2 


DEPARTMENT OF THE ARMY 
US ARMY NUCLEAR DEFENSE LABORATORY 
EDGEWOOD ARSENAL, MARYLAND 21010 


IN REPLY REFER TO: 


AMOND-E 15 MAR Wee 

SUBJECT: Ergata for NDL-TR-53 (AD 365-419), INITIAL GAMMA DATA FROM 
NU WEAPON TES:S (U), dated July 1965 

TO: Distribution 


It ie requested that changes to NDL-TR-53 be made as indicated 
below. 


a. {C-FRD) Page 19, Table 1.1. Correct yields as follows: 


Greenhouse George 


Plumbbob Boltzman 11.5 kt 
Hardtack Humboldt 7.8107? kt 
Fieabh Bowl King Fish 


b. (U) Page 44, Table 3.2. Fourth column heading should be 
“Density”. Second colum valuas should be 1112.3 mb, 1009.3 mb and 
1007.9 mb. 


e. (U) Page 175, Table 00. Azimuth symbol for slant racges 
of 527, 1014, 1509, 2006, and 2505 yards should be "b" instead of "s'’. 


Document consists of 2 pages. 


Copy 427 of 65. 
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AMAND~E 15 March 1966 
SUBJECT: Errata for NDL-TR-53 (AD 365-419), INITIAL GAMMA DATA FRON 
NUCLEAR WEAPON TESTS (U), dated July 1965 


f. (U) Page 179, Table 3.102. Change heading of the third colum 
to "Film Type" snd add the following colum: 
Uncorrected Gimme Dose 

r 
$550 
1440 
$09 

214 


g: (SRD) Page 194, Table 3.111. Corzect fisaion yields and 
HE thicknesses as follows: 


Shot aaa aw HE Thickness 
CE 

Mora 

Lea 

Socorro 


h. {U) Page 205, Table 3.119. Height of bursc for Shot Johnie 
Boy should be minus 192 feet. 


i. (U) Pages 206, 209, 211, end 213. Tables 3.121, 3.122, 3.123, 
and 3,124; units for slant range should be "feet". 


Kirk tH — 


HAROLD“E. SHAW 
Lt Col, Calc 
Commanding 


ABSTRACT 


{U) The data rresented are a compilation of ali reported initial 
gamma measurements made by the Department of Defense and other agencies, 
from Operation Serdstone (1948) through Operation Fish Bow! (1962). 
Where neutron data are available, the gamma measurements are corrected 
for the direct effect of t> meutrons on the detector as well as on 
the detector's environment. Shield attenuation of the gamma doze was 
| taken into account. Gamma-dose-times-distance-squared, versus distance 
for shot wcrditions, is graphically presented. 


FOREWORD 


(U) This is ’’° fifth and final report dealing with the general 
topic of neutron effects on gamma detectors. It presents a ~ompilation 
of neutron-corrected, initial-gamms-dose measurements obtairec by Depart- 
ment of Defense and other agencies, from Operation Sandstone (1943) 
through Operation Fish Bowl (1962). 


(U) This work was authorized under DASA NWER Subtask 06.007, 
Neutron Effects on Gamma Detectors and DASA NWER Subtask OG.042, Initial 
Radiation Studies. This compilation and co.rection of initial gamma 
| data was started in October 1961 and completed in February 1964. 
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CHAPTER 1 


INTRODUCTION 


1.1 OBJECTIVE 


(U) The main purpose of this report is to present results of the 
initial gamma-dose measurements made by Departrent of Defense (DON) agencie- 
at nucslesr weapon tests and the corrected initial gaz7a date, rather tran 
to make comparisons or to draw conclusions. Other projects will delve 
more deeply into these sudjects. 


1.2 BACKGROUND 


(U) A comprehensive report summarizing the data from initial dose 
messurements (O to 1 minute after detonation) made at nuclear wearcn te3 
has been needed for some time. The initial gamma dose measurernents resorts: 
here were made by the following DOD agencies: the US Arny Nuclear Derense 
Laboratory (USANDL), the US Army Signal Research and Developrent Laborator: 
(USASRDL), and the Radiological Safety (Rad Safe) Group at the test site. 
Gamma data which were compiled by the Loa Alamos Scientific Laboratory 
(LASL), the National Bureau of Standards (NBS), and other agencies are 
presented where DOD data are not available and where the data of such 
agencies are needed for comparison. Information concerning the detonation: 
for which gamma dose data are available ia presented in Table 1.1. The 


yields quoted are based on current information and may be subject to 
miror changes. 


cr 


= 
+ Gi 


(J) The Department of De*s::se did not fully participete in the meas 
ment of gamma dose until Operation Tumbler-Snapper in 1992. Praviousty, 
Rad Safe had performei gamma~dos? méasurements on a one-shot basis durisz 
Operation Sandstone in 1948. Gamma dose was measured durizge Operation 
Gresnhouse by the NBS and during Operations Ranger, Buster-Vancle, and 
Ivy almost exclusively by LASL, The US Army Signal Corps made gsamna- 
dose measurements at the underground and surface shots during Operatic=: 


Jangle; however, most of the detectors remained in fallout areas up to 
50 huurs, 


(JU) Film has been used at every operation since Sands*one to measure 
gamma dose. To provide energy independence and electronic equilibrlum, 
various film holders have been used -- the most common being the NBS ani 
LASL holders. In addition, silver-phosphate-glass blocks and needles, 
chemical-dosimeter systems, and cobalt-glass plates have been used at a 
number of the operations with varying degrees of success. Biological- 
type gamma-dosimeters were tested during Operation Greentiouse. However, 
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the results obtained from all these systems were questioned because of 

the neutron response of the detector itself, as well as tne interaction 
of neutrons with the shield used to protect the detectors from blest 

and thermal radiation. In many cases this interaction produced sufficient 


secondary gamma rays to cause an appreciable increase in the total dose 
measured by the detector. 


(U) This report attempts to rectify this situation by correcting 
the initial gamma data for direct neutron interaction with the detector, 
for the interaction of neutrons with the shields, and for the atteruation 
of the initial gamma rays by the shields. An evaluation of the garna 
dose produced by neutron interaction with the ground is also presented 
but not used as a ceorrection since the ground is part of the fixed environ- 
ment. To perform this work the USANDL obtained direct neutron interaction 
factors for available dosimeter films (References'1, 2, and 3) and correc- 
tion factors for the secondary gamma radiation produces by neutron inter- 
actions with shields and soil (References 4 and 5). Direct neutron 
interaction factors for glass and chemical systems were obtained ty other 
investigaters (References 6,7,8,9, and 10). During Operation Sun Beam 
the theoretical calculations which produced the correction factors for 
shields and soil were experimentally verified (Reference 11). 


(U) Recent work has indicated that these gamma dosimeters are depeni- 


ent upon dose rate and total dose in a complicated fashion (Reference 12), 
Much more work will be necessary to clarify this situation. 
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CHAPTER 2 


PROCEDURE 


2.1 GENERAL 


(U) The gamma data were taken directly from ‘eapon test (WT) reporcis 
fox each operation. Actually the reported gamma dose data are not strictly 
initial gamma data but represent gamma doses received up to the time of 
recovery of the detectors, often hours after detonation. Recent innova- 
tions have greatly reduced the exposure time of the gamma detectors, but 
during the earlier operations the gamma detectors remained ir the field 
for lengthy and often unreported times. Most of the detectors were exposed 
upwind of the detonation to minimize the fallout-gamm2 contribution. 

Table 2.1 gives the recommended ranges of most of the dosimeters. 


(U) Dosimeter films were the majcr gamra-measuring system used at 
weapon tests. Films seem to be sensitive to every variable known to 
mankind, and they may be sensitive to some not known. Use of film as 2 
gamma dosimeter for controlled laboratory. experiments presents some diffi- 
culties in interpreting the data; but use of film at weacon tests, where 
little control is maintained and where the quality and type of radiation 
are unusual, presents extreme difficulties. The NBS and aluminum-wood 
(AW) film badges have minimized but not eliminated erergy dependence of 
the films. Minimization of the field variables has progressed from test 


to test so that now it is believed that the gamma dose can be interpreted 
to within 25-35 percent. 


(U) Direct line of sight to the detonation point was assumed for «il 
gamma and neutron data. Where the gamma data overlaoped the dosag? :ernge 
of two films, an eiucated guess was made as to which film was used unless 
the original data were specified. Since the protective shields were rst 
always adequately described, a number of assumptions concerning size, 
thickness, and composition had to be made in some cases. Factors for 
direct neutron interaction with film were determined only for film encased 
in the NBS holder. These interaction factors were assumed to be appli- 
cable also to the AW LASL film holder. Very limited experimental data 
indicate that the above assumption is reasonable, at least for thermal 
neutrons. Finally, the neutron-interaction factors obtained flor the newer 


films were assumed to be applicable to the obsolete films of the same 
dose range. 
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(U) TASLE 2.1 RECOMVYENDED DOSIMETER RANGES 


Dosimeter Type Recommended Range 
Tr 

Emulsion 502 0.3 - 10° 
Emulsion 508 0.3 - 10° 
Emulsion 510 10 - 35° 
Emulsion 606 35 - 25008 
Emulsion 1290 (Adlux) 35 - 25007 7 
Emulsion 548-0 (double coat) 1000 - 20,C0U 
Emulsion 548-0 (single coat) 2500 - 50,0CG® 
Emulsion 649 2500 - 50,000, 
AgPO, glass 10 - 10,00¢ - 
AgFO, glass 10 - 100,000 
Cobalt plates 10* - 10° 
Thermoluminescent 0.005 ~ 10,000 
Chloroform 1 - ~ 190,000 
Tetrachloroethylene Le 


“Range depends upon method of processing and calibration procedure. 
LASL regularly used 548 emulsion only to 30,000r whereas the Signal 
Corps used the 5:5 eruision to 80,000r. 

Glass that has rc* teen heat-annealed. 

Cglass that has b2en hr 2t-annealed. 

Ithis is the ove:ull useful range. To cover the rance, inhibitors 
mist be added a::i each combination of inhibitor and tetrachnloroethy- 
lene has its ow. useful range. 


cae 


a 


2.2 TREATMENT OF NEUTRON FLUX DATA 


(U) To obtain neutron data at stations where such cata were not 
reperted, graphs of neutron-flux-times-slant-range-squared versus slant- 


range were prepared. Extrapolations were made of the curves to the dis- 
tances of interest. 


2.3 NEUTRON SENSITIVITY OF GAMMA DETECTORS 


(U) The neutron sensitivities of the gamma detectors vary with neutron 
energy as shown in Table 2.3. The reliability of the fast-neutron film 
sensitivities can not be estimated since the values are taken from sing-e 
measurements. To use the fast-neutron sensitivities of those dosimeters 
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(U) TABLE 2.2 NEUTRON ACTIVATION DETECTORS 


Detector Reaction Products NeMerCh Per cer 
Measured 

Aut 27 n, ¥ fue?? Ss 0.3 eV 

As’® n, ¥ As’® < 0.3 eV 

Pu??? Fission Mixed fission products > 10 keV 

Np’? Fission Mixed fission products > 0.63 MeV 

i Fission Mixed fission products > 1.5 Mev 
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(U) TABLE 2.3 NEUTRON SkhsLT: (v3 OF DOSTMETERS 


a 


Dosimeter Thermal 
10? (n/2m )/r 
Emulsion 508 3.6 +0.90 
Emulsion 510 4,8 +1.2 
Emulsion 1290 4g 1.2 
Emulsion 5C2 4y.O 8 +1.0 
Emulsion 510 4.6 +£1.05 
Emulsion 606 Koy 21.1 
Emulsion 649 ho +10 
Emulsion 548 8.8 +2.2 
AgPC, glass 3.0, £0.38 
Cobalt plates 0.14 +£0.04 
Thermoluminescent 5.0 
Chloroform 1.5 
Tetrachloroethy iene 5.9 


Neutron Energy (MeV) 


2 
10° (n/en® )/r 
75 27 20 
5.5 38 2.9 
11 5.5 4.0 
Te) 20 15 
9.5 5.0 3.0 
12 9.0 6.5 


Sayue is an average for neutrons having thresholds greater than 10 kev. 


Unpublished data. 
Cestimated to be 5x10"? . 
4no definite value reported. 
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for which values at only 1 MeV are available, the assutotion must be made 
that the average value of the weapon's fast-reutron spectrum is 1 MeV. 

At stations where the full set of neutron activation detectors was not 
available, an average energy of 1 MeV for fast neutrons was assumed and 
only the neutron sensitivities at 1 MeV were used for ary gamma detectors 
exposed. Actually the neutron sensitivity values obtained for emulsions 
Su and 649 and the thermoluminescent dosimeter were obtained by exposing 


them to a fission spectrum and reporting the values at an average energy 
of 1 MeV. 


2.4 DETECTOR SHIELD CORRECTIONS 


(U) The corrections for the gamma dose produced by neutron interactions 
with a number of popular shields have been reported in Reference 4 and 
are reproduced in Table 2.4. The contributions of thermal neutrons 
(radiative capture) and fast neutrons (inelastic scattering) have been 
taken into account. Induced activity in the shield is neglected (except 
for aluminum shieids), since calculations have shown that its contribu- 
tion is less than two percent. The inelastic scattering cross sections 
below 0.63 MeV are negligible. 


) (s-Rert As the distance from ground zero increases, the gamma spectrum 
hardens (Reference 17) and the attenuation factor for shields would be 
expected to decrease. For surface and low-air bursts of less than 5CO kt, 
the average gamma energy is considered to be 1 MeV at distances from 
ground zero to 1000 yards, 3 MeV from 1000 to 3000 yards, and 5 MeV at 
greater than 3000 yards. The spectrum of gamra radiation from weapons 
greater than 500 kt is expected to be consideradiy softer than that for 
low-yield weapons, since the major portion of the dose is Welivered >; 
the hydrcdynamically enhaz-ced fission-product radiation. For these 
weapo.c, the average gamma energy is considered to be 1 MeV up to 200) 
yards from ground zero and 3 MeV for grvater distances. The shield atten- 
uation factors are reported in the initial gamma dose tables for each sho 


2.5 INTERACTION OF NEUTRONS WITH SOIL 


(U) The game, contribution from the interaction of neutrons with 
the soil is reported but has not been used to correct the ganma data, 
inasmuch as the soil is part of the fixed environment. By means of the 
method outlined in Reference 5, the gamma doses were calculated for 
various soils for fluxes of 1x10'? thermal neutrons per square centimeter 
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(U) TABLE 2.4 GAMMA DOSE FROM VARIOUS SHIELDS SUBJECTED TO A THERMAL NEUTRON FLUK OF 
1x10'*n/em AND A FAST NEUTRON FLUX IN EACH ENERSY INTERVAL OF 1x10°*n/cm* 


Gamma Dose for Various Neutron Energies 


need 0.63-1.5 1.5-3.0 — Over 
Thickness Thermal MeV MeV 3 MeV 
cm r r r r 
Cast Iron Condulet 0. 368 200 3.29 10. 22.5 
Steel Cylinder 0.510 320 5.19 16.2 34.7 
(Emmett Device ) ; 

Steel Pipe Nipple 0.551 340 5.53 17.2 36.7 

Steel Pipe Nipple 0.635 380 6.26 19.5 41.4 

nN Steel Pipe Nipple 0.762 430 7.37 22.5 47.3 

ve Steel Pipe Nipple ee 630 9.91 30.4 62.8 
Aluminum Can 0.159 3.8 0.130 1.15 0.699 

Aluminum Can 0.216 7.6 0.260 2.26 1.34 

Iron Stakes 0.635 190 3.13 9.75 20.8 


and Jxl0°? fast neutrons per square centimeter. To obtain the soil garma 
contribution at specific slant ranges for the various detonations, the 
actual thermal- and fast-neutron fluxes, the fraction of the neutrons 
actuwlly absorbed by the soil, ari the build-up factor had to be ta«en 


into account. Details are given in the Appendix. 


2.6 COMPARISON OF LASL AND ESL FILM DATA 


(U) A comparison of the LASL film data with the Evans Signal Labora- 
tory (ESL) film data shows that the LASL data are consistently higher than 
the ESL data. An investigation into the cause of these discrepancies was 
carried out by LASL during Op:7stion Teapot and rerorted by Storm and 
Bemis (Reference 18), who recommended that all the LASL data be lowered 
by 13 percent because of calibration difficulties. In comparison with 
energy-independent ion chambers, the individual emulsion results cotained 
by use of the LASL holder were high by factors varying from 10 to 20 
percent, and the individual emulsion resu’.ts obtained by use of the NBS 
holder were low by factors varying from 7 to 19 percent. The 1l3-yercent 
calibration factor is used in this report to correct the LASL film data. 
Describing the LASL film data in this report as uncorrected, means that 
the data have not been corrected for neutron effects but have beer correc- 
ted for calibration error. The individual emulsion corrections are not 
applied in this report, since they are applicable only at distances of 1700 
to 3300 yards, and to the type of shots for which they were measured. The 
individual emulsion variation is assumed to be due to the energy dependence 
of the emulsion: the emulsions in the LASL holder are more sensitive 
to the lower-energy gamma rays than are the emulsicrs in the NBS holder. 
Since the gamma spectrum is softer at distances closer to ground zero, 
the correction factors should be different. Currently the averase betwlen 


the LAS and ESI gamma data appears to present a gcod estimate of the 
ganna dose, 


(U) An example of the calculations used to obtain the correc‘io:: 
factors is presented in the Appendix. Formulae for correcting the data 
to other air densities are also presented in the Appendix. 


(U) All shot information was obtained from References 19 and 20. 
Unless otherwise specified, the meteorclogical data were obtained at ground 
lev.l. The meteorological data tables include slant-range-—correczion 


factors and dose—correction factors as well as temperature, pressure, and 
density values. 
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CHAPTER 3 


RESULTS 


3.1 OPERATION ~ANDSTONE 


(U) Operation Sandstone, conducted at the Pacific Proving Grounds 
(PPG) during April and May 1948, consisted of three tower shots. A summary 


of the shot information is presented in Table 3.1 and the metzorological 
conditions at shot time are given in Table 3.2. 


(U) The gamma measurements were performed by Rad Safe ‘Task Group 7.6) 
with film badges (Reference 21). Six film types covering the range from 
0.05 to 22,500 r were packaged in lightproof packs with a i/32-inch lead 
cross over the front, and sealed in an aluminum-foil jacket. The film 
badges were attached to 2x2x3/16-inch angle-iron stakes at distances of 
less than 1000 yards and to 1xlx3/16-inch angle-iron stakes at distances 
of greater than 1000 yards. Energy dependence of the film badge was 
poor, since excessive response to radiation below 300 keV was noted. All 
the film badges remained in the field for l2 to 30 hours after detonation, 
generally in the upwind direction. Residual contamination was estimated 
from field survey data to be negligible as compared to the film readings. 


(U) Neutron-flux measurements were made by Los Alamos Group LAJ-3 
with threshold detectors (Reference 13). Since no plutonium data were 


available, the tctal fast-neutron flux was calculated as described in 
Chapter 2. 


(U) The gamrs data and corrections are presented in Tables 3.3, 3.4, 


and 3.5. Figures 3.1, 3.2, and 3.3 show the correctei gamma-dose-time.- 
the-slant-distance-squared as a function of slant distance. 


3.2 OPERATION RANGER 


(U) Operation Ranger, the first operation at the Nevada Test Site 
(NTS), was conducted during January and February 1951 and consisted of 
five airdrops. Shot information is summarized in Table 3.6, and meteoro- 
logical data are presented in Table 3.7. 


(U) Gamma measurements were obtained with film dosimeters by the 
Red Safe group of LASL for all the shots (Reference 22). Three film types 
covering the range of 0.1 to 3000 r were packaged in a lightproof paper 
jacket with a 1/8-inch lead clip placed over each unit, sealed in a plastic 
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jacket, and placed between two 1/2-inch wood blocks which sere heli to- 
gether by an aluminum box to approximate the more recent Ad film badge. 
The film badge was attached to angle-diron stakes, the dimensions of which 
were not reported. Two lines, 90 avart, were instrucanted: Gene2rator 
Road ran due south and Access Road ran due west. Recovery was eftectad 

5 to 6 hours after detonation; but, since no local fallout was present, 
recovery time was nut critical. 


(U) Thermal-neutron measurements were mad by LASL with gold detectors 
(Reference 13). No fast-neutron measurements were maiz. The sulfur- 
neutron flux for Shots Able and Fox might have been estimatec if the gold- 
neutron data from these shots had been found to be compareble to the gold- 
neutron data from the similar Shets Tumbler II and Buster Dog. However, 
Since the gold-neutron data agreed only within a factor of two, estiration 
of the sulfur-neutron flux by this method would be inaccurate. 


(U) The uncorrected gamma data are presented in Tables 3.9 thru 3.12, 
and the uncorrected gamma-dose-times-slant-distance-sguared versus slant 
distance are shown in Figures 3.4 thru 3.13. 


3.3 OPERATION GREENHOUSE 


(U) Operation Greenhouse consisted of four tower shots detonated at 
the PPG during April and May 1951. A summary of the shot informztion is 


presented in Table 3.13, and the meteorological conditions at shot tims 
are given in Table 3.14. 


(U) The gamma measurements, which consisted of the use of films encase: 
in NBS holders, were obtained by the NBS (Reference 23). Four films vere 
used to cover the range of 0.1 to 80,000 r, but one -- the Eastman 5302 
positive -- was used as a performance check of the DuPont 605. The NBS 
film holder consists of thin layers of tin and lead to provide reasoratdle 
energy independence,and a thick layer of bakelite +o provide electroric 
equilibrium. The film badge was attached to a 24-inch pipe. Since no 
further information concerning the pipe is given, the pipe is assumed to 
be of steel and 1/8-inch thick. No az uth was given from ground zero. 


No corrections for the effect of fa?’ * need to be made since the fallout 
was negligible (Reference 24). 


(U) Neutron-flux measurements were made by LASL, with gold and sulfur 


detectors (Reference 25). The fast-neutron flux has teen agsin calculated 
from the sulfur data. 
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(U) Tne gamma data and the neutron corrections are presentzd in 
Tables 3.15 thru 3.18, and the plots of gamma-dose-tines-slant-range- 
squared versus slant-range are shown in Figures 32,14 toru 3,17. 


3.4 CrERATION BUSTER-JANGLE 


(U) Operation Buster-Jangle consisted of seven shots at the NTS: 
the first was a tower shot, the next four were airdross, the sixth was 
a surface shot, and the last was an underground shot. A summary of the 


shot information and the meteorological conditions at shot time is pre- 
sented in Tables 3.19 and 3.20. 


(U) Gamma dese measurements were obtained by LASL (Refererce 26) from 
all detonations except Able and the surface shot, and by Signal Corps 
Engineering Laboratory (SCEL) (Reference 27) from the surface ard under- 
ground shots. LASL used a series of five films to cover the range of 0.1 
to 30,000 r. The films were exposed in the AW holder attached to an angle- 
iron stake driven into whe ground. Films were recovered from 3 to 6 hours 


after detonation. No local fallout was recorded for the first Zive shots 
(Reference 24). 


(U) SCEL also used five films to cover the range from 0.5 tio 10,000 r. 
The films were exposed in NBS holders, but the report toes not mention 
how the film badges were positioned or whether shields were used. Unfor- 
tunately, most of the films remained in the fallout field up to 50 hours 
after detonation. To ascertain the initial gamma dose, the fallout dose 
from one minute up to recovery time must be subtractad from tatsl dose. 
The fallout data were obtaired from Reference 28. 


(U) Neutron-fiux measurements were made by LASL (Reference 29) fcr 
the first five shots. Gold- and sulfur-neutron data for the surface i: 
underground shots are available in Reference 13. 


(U) The gamma doses and the neutron and fallout corrections are pre- 
sented in Tables 3.21 thru 3.26. Graphs of corrected gammi-dose-times- 


slant-range-squared versus slant-range are given in Figures}3,14% thru 
3.21, 


(U) The neutron fluxes for the surface and underground shcts at the 
slant ranges of interest are too small to permit meaning‘ul correction 
factors to be obtained, and the initial gamma doses odtained by correcting 


for fallout are very erratic. Therefore, no graphs are presented for 
these two shots. 
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3.5 OPERATION TUMBLER-SNAPPER 


(U) Operation Tumbler-Snapper was conducted at the NTS during April, 
May, and June 1952. The operation consisted of four airdrops s.d four 
tower ahots. The pertinent shot information is presented in Table 3.27, 
and the meteorological data at shot time are presented in Table 3.28. 


(U) Tne gamma measurements were made by two groups: LASL (Revererce 
30) and SCEL (Reference 31). LASL used film in the AW holder, mounted on 
angle-iron stakea; SCEL used film in the NBS holder attached to aluminum 
stakes. Neither group mentions azimuth or fallout effects -- except for 
Snapper III -- when the cloud passed over the LASL line. Ii was assumed 
that the films were placed upwind of the other shots where fallout had 
little effect. However, the LiSL results are consistently higher than 
the SCEL resulta, and possibly the LASL films reccided some fallout radia- 
tion. Shot 1 was no’. instrumented for gamma measurements. 


(U) The neutron data for Shots 3, 4, and 8 were taken from measure- 
ments made by the Naval Research Lab (NRL) (References 32 2nd 14). The 
LASL obtaired neutron data at Shots 4, 5, 6, 7, 8, which are recorded 


in Reference 33. Reference 13 records neutron-flux data for all eight 
shots during this operation. 


(U) The SCEL gamma data ‘or Shots 2 thru 8 are presented in Tables 
3.29 thru 3.35 with their appropriate correction factors. Tables 3.36 
thru 3.42 give the LASL film data without neutron corrections. Figures 


3.22 thru 3.28 present the corrected SCEL gamma-dose-times-slant-range- 
squared versus slant-range. 


3.6 OFERATION IVY 


(U) Operation Ivy, held at the PPG during October and November 1952, 
consisted of two large-yield shots: Mike, a surface shot, and King, an 
airdrop. Shot information and meteorological data are given in Tables 
3.43 and 3.44, respectively. 


(U) Gamma meesurements were made by LASL on both shots with film 
(Reference 34). The film types used are the same as specified for Operation 
Tumbler-Snapper. To cbtain initial gamma data in the heavy-fallout field 
expected from Mike, a film-drop gadget sas used whereby films exposed to 
radiation for a predetermined time would automatically drop below ground 
level into a radiation-protected area. Unfortunately these gadgets did 
not work, énd many were filled with water, sand, and debris. The few 


films that did drop indicated much smaller doses than thos: films which 
remained above ground. Although the time of dropping 1s unknown, the 
films might reasonably be assumed to have dropped befor: the arrival of 
fallout. Only the dropped-film data are presented with error limits which 
do not include the eryor due to dropping time. No neutron corrections are 
presented since the neutron flux was negligible. 


(U) The AW film badge was assumed to be bolted to angle-iron stazes 
for Shot King. All film badges located from 700 to 1700 yards frem ground 
zero were destroyed; the rest were recovered the day after the shot. Survey 
readings indicated that residual activity was negligibie. All gaz sta- 
tions for both shots were on land. 


(U) Reference: 13 gives some gold and sulfur data for the two shots. 
These data were extrapolated to the slant ranges of interest. 


(U) The gamma data for both shots as well as the neutron corrections 
for Shot King, are presented in Tables 3.45 and 3.46. Correctei samma- 


dose-times-slant-range-squared versus slant-range for Shot King is given 
in Figure 3.29. 


3.7 OPERATION UPSHOT-KNOTHOLE 


(U) Operation Upshot-Knothole was conducted at the NTS from “arch to 
June 1953. The operation consisted of 11 detonations highlighted by Shot 
10, which was an atomic weapon fired from a cannon. The pertinent shot 
information ard meteorological data are given in Tables 3.47 and 3.43 
respectively. It should be noted that in some of the WT reports for this 
operation, the order of Shots 5 and 6 and Shots 8 and 9 was reversed. 


Table 3.47 lists the shot numbers strictly according to chronological 
date of detonation. 


v Initial gamma measurements were made by LASL (Reference 35) 
for Shots 5, 6, 10, and 11 and by SCEL (Reference 36) for Shots 1, 2, 3, 
5, 6, 7, 8, 9, and 10. The SCEL gamma detectors consisted of five film 
types encased in NBS holders and attached to aluminum stakes assured to 
be 1/4-inch thick. The film range was from 0 to 12,000 r. The detectors 
were recovered approximately 3 hours after detonation. No azimuth is 
given for Shots 1, 3, 6, and 9, and no mention is made of corrections 
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being necessary for fallout contributions. From comparison of fallout 
contours for this cperation (Reference 24), the initial gamma detectors 
obviously were placed far enough from ground zero, if they were in either 
the upwind or cross wind direction, for the fallout effect to be negligi- 
bie. Large limonite blocks were placed in the towers for Shots 2 and 7 

in such a pesition as to attenuate the radiation east of the tower. The 
gamma line for Shot 2 was east, and the gamma lines for Shot 7 were eas 
and south. Only the south line data are reported for Shot 7. Neutron 
corrections were sade in Reference 36 for the gamma data obtained for Shot 
10. The neutron correction factors used in Reference 36 are erroneous 

and the neutron fluxes used are suspect. SCEL was one of the groups which 
reversed the order of Shots 5 and 6, and Shots 8 and 10. SCEL reported 
distances as radial distance from GZ, not as slant range. 


(v {s<f)) LASL obtained their gamma measurements from five film types 
in AW holder attached to angle-iron stakes. The films covered the 
range from 0.1 to 2000 r. No azimuths are given for Shots 5, 6, and 11, 
and no mention is made of fallout affecting the detectors. ‘ariation of 
gemma exposure with height above the ground, from one-half > ot to 10 


feet, was measured at Shot 10; the variation did not exceed +5 percent 
for the slant distances of 2000 to 3000 yards. 


(U) The garza deta obtained by the two projects agreed fairly well- 
for Shots 6 and 1¢. The LASL data were slightly higher for Shot 5. 


(0) S55 Neutron measurements were made by LASL’ (Reference 37) for 
Shots 1, 2, 3, 5, 6, 7, and 10, and by NRL (Reference 38) for Shots 8, 
9, and 10. The neutron data for Shot 10 were taken from NRL data. 
Unfortunately, soze of the LASL neutron data were taken for diugnostir 
measurements and were unusable for this report. 


Plutonium-neutron data 

Since this was the 
neutron flux with plutonium detectors and the 
odjective of the project which obtained the plutonium-neutron data was 
to obtain ratios tetween neutron flux inside and outside Civil Defense 
shelters, it was decided not to use these data. 


are available for Shots 4, 9, 10 (Keference 3y). 
first attempt to ~easure 


(U) The SCEL gamma data and the neutron corrections, where available 
are presented in Tzbles 3.49 thru 3.57. Curves of the SCEL gamma-dose- 
times-slant-distence-squared versus slant-distance are presented in 
Figures 3.30 thru 3.38. The LASL gamma data and neutron-flux date are 
given in Tables 3.58 thru 3.61. The LASL gamma data for Shot 11 tines- 
slant-rang2?-Squared versus slant-range are presented in Figure 3.39. 


33 


— ee eee 


=g2 07m 8 


2 «ae aT 


—_. 


zs 


1 
a ow 


3.8 OPERATION CASTLE 


(U) Operation Castle was conducted at the PPG during the period March 
thru May 1954. The operation consisted of six detonations: two lard- 
surface and four barge shots. Pertinent shot information and meteorolog- 
ical data for the three shots for which gamma data are available are pre- 
sented in Tables 3.62 and 3.63, respectively. 


(U) Initial gamma measurements were attempted by the USA Signal 
Engineering Laboratories (SEL) for Shot. 1, 2, 3, 4, and 6 (Reference 40). 
Most of the detectors were either destroyed or contaminated so that data 
from only nine stations from Shots 3, 4, and 6 were usable. Data were 


obtained from NBS film badges and chemical dosimeters shielded by 0.25-inch 
aluminum pipes. 


(U) Neutron data for Shots 4 and 6 are available from Reference 41. 
Data from only two neutron stations are reported for Shot 6, and only two 
of the eight stations for which neutron data are availab>2 for Shot 4 
had clear line of sight. No neutron data were obtained for Shot 3. Ir 
@eneral the neutron results are inadequate because of contamination, 
excessive time lapses before recovery, and loss of stations. 


(U)} The gamma data from Shots 3, 4, and 6 are presented in Tables 
3.64. No neutr-sn data or corrections are shown. Curves of gamma-dose- 


times-slant-distance-squared versus slant-distance for Shots 3 and 6 are 
given tn Figures 3.40 and 3.41. 


3.9 OPERATION TEAPOT 


(U) Operation Teapot was conducted from February thru May 1955 at 
the NTS. The operation consisted of fourteen detonations: ten tower 
shots, three airdrops (one of which was a high-altitude detonation), and 
one underground shot. Table 3.65 provides the pertinent information for 


the shots for which gamma measurements were made. The meteorological 
data are given in Table 3.66. 


(U) Gamma measurements were made by a number of groups during Opera- 
tion Teapot; however, only the LASL (Reference 42) and USA Signal Resear.h 
and Development Laboratory (SRDL) (Reference 43) projects were mainly 
concerned with free field initial gamma measurements. Gamma data from 
chemical dosimeters are presented for Shots 9 and 10 (Reference 4h) to 
supplement the SRDL data. These chemical dosimeter values are considered 
to be less accurate than the film data, since the fast-neutron sensitivity 
of these dosimeters was unknown. Edgerton, Germeshausen, and Grier, Inc. 
(EG&G) reported many film gamma measurements for a.shielding project 
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(Reference 45). Results of gamma measurements =ade by EG&G outside the 
Shields were consistently much lower than ‘She S2DL results at the same 
Slant range. No neutron corrections can be mace on the EGSG measurements 


because a weak film developer was used. These meusurexents are not rs- 
ported here. 


(U) Los Alamos Project 13.3a (Reference 42) attempted to resolve 
the discrepancy between the Los Alamos AW film badse ard the NBS fil-- 
badge results, by comparing them with enzrgy-independent Victoreen thimvie 
chamber readings. The results were discussed in Chapter 2. The i335 and 
AW badges were exposed on metal stakes to the radiation from Shots 6, 8, 
9, 13, and 14. The measurements obtained from Shot 13 were affected dy 
the cloud passing over the instrument line. The NBS film-bedge resuits 
obtained by LASL are presented to supplement the SRDL gamta data and no 
distinction is made between the two in the table. 


(U) The bulk of the gamma data reported was obtained from the SRDL 
measurements. The NBS film badges were exposei in aluminum holders attachei 
to metal stakes. It was assumed that the aluminum holders were 1/16-inch 
thick so that attenuation of the gamma radiation was negligible. The 
dosimeters were exposed in the upwind cirection and recovered as soc- as 
practicable; therefore no residual radiation corrections were necesséry. 

The film badges were exposed in 3/8-inch steel drop canisters for the high- 
altitude shot. Windows covered with 1/16-inch aluminum were drilled in 
the canister to expose the film. However, if the radiation did not enter 


1 
as well as the surrounding instrumentation which was not descrited. Since 
the orientation of the canisters is not reported, no shield corrections 
were meis for this shot. 


(U) SRDL used "betatron correction factors" to account for a diffe: - 
ence in calibration curves for the various emulsions when using Com? radjia- 
tion 4s opposed to betatron radiation. These factors are ignorei ir this 
repor., since "betatron correction factors" reported in Appendix C o? 
Reference 45 -- which were obtained by use of the same betatron maczine 
and film eumlsions as those used by SRDL -- do not agree with SRDL results, 
SRDL considered the "betatron correction facters" for previous operations 
to be negligible except for 508 film emulsion which was not usei during 
Operation Teapot. No experimental confirmation was obtained for the 
“petatron correction factors", during subsequent operations. 


(U) The undergrcund detonation, Shot 7, was instrumented with NBS 
film badges to obtain residual radiation measurements ard is not dezzribed 
in this report. The Shot 11 gamma data out to 1204 yards are a comsosite 
of &, 45° and 90° lines. The gamma data at 412, 510, and 608 yards for 
Shot 11 are questionable because the emulsions used at these stationz 
were exposed below or above their normal ranges. 
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(0.\s.001 Most of the neutron data are taken from Reference 46 prepared 
by“the NRL. 


The data are presented in the form of grzzhs of nvt-times- 
RF’ versus slant-range and are therefore subject to incverpretive errors, 
Tne gold-neutron data for Shot 5 show a large upward caviation from the 
straight-line curve at distances closer than 55C yards. This fact is con- 
firmed by neutron data ottained from Reference 44. Tre thermal-neutron 
deta used in this report for Shot 5 are the actual messurements and not 
the straight-line extrapolations. The sulfur-neutron data for Shot 3 
seem low when compared to those for Shot 11, the same ijevice with only 
a few modifications. The Pu, No, and U data for Shot 11 were obtained at 
only four distances and no closer than 510 yards. The extrapolation 
or the neutron curve for Shot 11 may be somewhat in error, especially 
at distances closer than 510 yards. The fact that tke neutron corrections 
exceeded the total dose on the film at 316 yards also indicates that the 
extrapolation of the neutron curves to the shorter distances may be in 


error. The total fast or Pu neutron flux for Shot 3 was estimated using 
Pu to § ratio for Shot 1l. 


(U) The gamma deta are presented in Tables 3.67 thru 3.79. Curves 


of gamma -dose-times-slant-range=squared versus slant-range are presented 
in Figures 3-42 thru 3,54, 


3-10 OPERATION REDWING 


(U) Operation Redwing was conducted at the PPG from May thru July 
1956. The operation consisted of seventeen detonations: two airdroos, 
five water-surface shots, three limited-land-surface snots, six tower 
snots, and one shot on a barge in shallow water over a reef. Table 3.80 
provides the pertinert information for the shots for which successful 


zi"1ma measurements were cotained. The meteorological data are given in 
Table 3.81. 


(U) Gamma measurements were made by SEL (Reference 47), LASL 
(Reference 48), and the US Army Chemical Warfare Laboratories (CWL) (Ref- 
erence 49). LASL attempted to differentiate the initial-gamma-radiations 
versus time by using films in "drop gadget" instruments during Shots 
Dakota, Navajo, and Tewa. Only data from Shot Navajo were usaodle. 


(U) SEL obtained initial gamma data from Shots Zuni, Flathead, Dakota, 
Navajo, and Tewa. The NBS film badge positioned in a number of different 
shields was used as the primary dosimeter. Station and mutual dosimeter 
shielding factors (effects of one detector on another) were calculated 
by SEL. However, the estimation of the average gamma energy at the distance 
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of interest was inccerect and new gamma shielding factors were calculated 
for use in this report. Film normalization factors (betatron correction) 
were used by SEL. They were the same factors as those used during 
Operation Teapot, since betatron calibrations cculd not be made for this 
Operation. Again, as for the Teapot data, these factors are ignored. 
Corrections for preshot and postshot residual contamination were obtained 
by using drop-type mechanisms, field surveys, ard estimstions. 


(U) CWL was meinly interested in neutron measurements, but chemical 
dosimeters were placed in O.434-em thick and 1.5-inch diameter steel 
pire nipples to measure gamma as well as neutror dose for Shots Yuma, Erie, 
Blackfoot, and Kickapoc. The US Air Force (USAF) and the Ator ic Energy 


Commission (AEC) supplied chlorinated hydrocarbon systems to measure gamra 
dose. 


(U) The USAF chloroform dosimeter provided the bulk of the gamm 
Gate. The type cf chemical used in the AEC chemical dosimeter was not 
elucidated. Thermal-neutron corrections were made on the USAF chloroform 
dosimeter using the value of 1.5x10° n/em’ /r recommenced in Reference 10. 
The USAF chloroform dosimeter is claimec to be "fest neutron insensitive”. 
However, the interpretation of the term "fast neutron insensitive” is open 
to question, since no definite sensitivity values have been obtained. No 
corrections are presented for the AEC chemical dosimeters. 


(U) Neutron data for Shots Yuma, Erie, Blackfoot, and Kickapoo are 
available from Reference 49. No extrapolation of the data was necessary, 
Since the neutron and gamma measurements were made at the same stations. 


No néutron data are available for Shots Zuni, Flathead, Dakota, Navajo, 
and Tewa. 


(U) The gimma dara and neutron corrections (where available) are 
tabulated in Tables 3.82 thru 3.90. The station and mutual shielding 
factors aré presented for Shots Zuni, Flathea¢c, Dakota, Navajo, and 
Tewa, but the shield corrections are not presented since neutron correc- 
tions must be made first. These results are correcte? for residual anc 
preshot exposures. Curves of corrected gamma-iose-tires-slant-rangé- 
squared versus slant-range are given in Figures 3.55 thru 3.63. 


3.21 OPERATION FLUMBBOB 


(U) Operation Plumbbok was ccnducted at the NTS from April thri October 
1957. It was the first operation in which a nuclear device was suspended 
from a balloon t'or detonation and the first in which rocket delivery of a 
nuclear warhead from an in-flight aircraft was empleyed. The operation 
consisted of thirty detonations: one one-point shot, one tunnel shot, five 
safety shots, one air shot, nine tower shots, and thirteen balloon shots. 

A summary of the shot information is presented in Table 3.91, and the 
meterorological conditions at shot time are given in Table 3.92. 
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(U) Gamma measurerients were made by SRDL (Reference 50), US Air 
Force School of Aviation Medicine (SAM) (Reference 51), Air Force Special 
Weapons Center (AFSWC) (Reference 52), EG2G (Reference 53), and a muinber 
of different agencies for Program 2 during Shot LaPlace (Refererce 54). 


v)fs-Rr} AFSWC measured the variation in gamma dose with height above- 
grotfnd using a variety of detectors and found that the gamma dose increased 
by about a factor of 1.3 at an altitude of approximately 4CO feet. They 
deduced that the initial gamma radiation is nearly moneiirectional and 
that the bulk of the scattered radiation is of low energy. Selects2 N3S 
film badge and chemical dosimeter (SAM) data at j-foot heights are ore- 
sented herein to supplement the other gemma data. Hurst and Ritchie 
(Reference 55), using fission foils and chemical dosimeters in collimators, 
confirmed that the angular distribution of the neutron and gamrsa radiation 
at the ground was insensitive to weapon and distance and that the zg 17. 
buildup was approximately 30 percent. 


(U) The EG&G film gamma data are presented only for shots where no 
other gamma data were available. EG&G used a weak film develover, Kodsk 
D-76; the neutron effect on film is impossible to determine when this 
developer is used (Reference 56). Information was also lacking concerning 


position and type of stations. The EG&G film badge is ver; similar to 
the NBS film badge. 


(U) The SAM used the tetrachlorcethylene two-phase chemical iosim- 
eter to measure the initial gamma dose. The dosimeter is claimed to be 
fast-neutron insensitive; that is, if exposed to one rep of fast neutrons 
with no gumma rays present, the dosimeter would generate 0.93 percent 
as much acid as it would for 1 r of gamma radiation. Therefore, no corre:>- 
tions are necessary for fast-neutron sensitivity. The dosimeter is 
thermal-neutron sensitive. Reference 10 reports that 5.9xl0? thermal 
neutrons per cm produce as much acid as 1 rep of gamma rays- During this 
optration lithium shields in 1/4-inch-thick aluminum "Beer Mugs" were 
ased to reduce the thermal-neutron flux. Page 23 of Reference 51 states, 
"If no gamma rays are present, 3.25x10'? thermal neutrons generate as 
much acid as 17r of gamma rays in the two-phase tetrachloroethylene systen." 
This is erroneous since it conflicts with statements in Reference 10 by 
the seme author and with Reference 57 which states thet 3.25 «10’* thermal 
neutcons generate as much acid as 17r of gamma rays when the dosizseter 
is encased in the lithium shields. Corrections for thermal-neutron 
effects were not made when the dosimeter was encased in lithi:m. The 
chemical dosimeters in the "Beer Mugs" were hung from steel goal posts 
at approximately 2 feet above the ground. 


(U) SRDL exposed film in NBS hclders to measure gamma dose. Most of 


the film was exposed in the photographic-dosimeter transport mechanism 
(Emmett) designed to measure gamma exposure in one-second increments 
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in the time interval from 0 to 20 seconds. Total dose yeasurem 


acs were 
obtained inside the Em-ett device and from film badges tare] to tne out- 
side of the Ernett device (1/2 Emmett) and film badces taped to stakes 


SRDL did not recommend the us¢ of "betatron correction factors”. 

(U) Residual radiation values were obtained from Reference 24 for 
all shots of interest. Most of these residual values were estimates. 
The residual radiation contribution from each shot for which azimcth and 
recovery time were reported was determined to be negligible. 


(U) The neutron dat’ were obtained by USANDL (Reference 58) and by 
the Oak Ridge National waboratory (ORNL) (Reference 55). Reference 55 
presents the neutron data in the form of graphs of neutrons per cm -times- 
Slant-range-squared versus Slant-range, and are subject to interpretive 
errors, For those shots for which gold-neutron data are missing, the 


gold-neutron data were estimated from the ratio of gold to plutonium from 
Similar shots, 


(U) Reference 58 presents the neutron data in tabular form as weil 
as graphically, thus allowing more precise determination of flux values, 
Neutron data for Shot Priscilla at distances between 400 and 600 yards 
were very erratic and did not follow the paraliel-line assumption. The 
placement of the detectors appeared to be the disturbing factor. These 
detectors were placed among many structures and other installations, 
which may have caused Scattering and other disturbances in the flux field. 
These measurements, although an indication of the actual flux at the 
POint of measurement, probably did not give a true picture of the free- 
field flux. For the free-field flux at these distances, the values taxen 
from an extravolation of the curve obtained from grapning flux-simes-slant- 
range-squared versus slant-rangé probably give a more realistic figure. 


(U) Neutron fluxes from Shot Smoky were obtained to evaluate +h 
effects of terrain on neutron measurements. Since the terrain effec 
Were pronounced, the neutron data can not be extrapolated to distance 


other than these at which actual m@asurements were made. 
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(u) The gamma data corrected, where possible, for neutron eff.cts 
are presented in Tables 3.93 thru 3.110. The film data reported are taken 


from NBS tiilm badge measurements unless stated otherwise. Curves of gamm- 
dose-times-slant-range-squared versus Slant-range are shown in Figures 
3.64 thru 3.81. 


3.12 OPERATION HARDTACK 


(U) Operation Hardtack was a two-phase operation: Phase I was con- 
ducted at the PPG from May thru August 1953 and consisted of 35 shots 
which included the first very-high-aititude detonations; Phase II was 
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conducted at the NTS from September thru Cctober 1958 and consistei of 
37 shots. A summary of the shot information for the six shots for which 
initial gamma data are available is presented in Table 3.111. The rseteoro- 
logical conditions at shot time are given in Table 3.112. 

y) SRD) Gamma measurements for Shots Fig, Hamilton, and Humboldt 
were provided by CWL (Reference 59). ‘NBS film badges in steel coriule‘s 
which were screwed onto steel stakes were the principal detectors used. 
For Shot Fig, the detector stations were placed as follows: thirty-six 
film-badge stake stations on land; four Emmett devices on land; eight film- 
badge stations on land and water along the Project 2.4a neutron line; and 
seven film-badge stations hung vertically from the Project 2.11 balloon 
cable. The slant ranges reported for the balloon line are not exact since 
the position of the cable was estimated. Also, this estimated slant range 
would apply only for the prompt and nitrogen-capture gamma and not for 
the fission-product radiation since the fireball and cloud rapidly ascend, 
and this radiation source would pass within the same distance for each 


detector. It must also be remembered that the air density decreases with 
altitude and may affect the gamma results. The 143° line was perrendicular 
to the long axis of the weapon. 


U) TS=RBL The main gamma instrumentation for Shot Hamilton comprised 96 
film-badge stakes and & Emmett devices. These data were lost because of 
an accident during film development. Tr. :1ms used for gamma surrort 
measurements for Project 4.2 were undam- ge (Reference 60). The 150° and 


330° lines were perpendicular to the lonz s-.is of the weavon. 


(\"tes55) Srot Humboldt was unexpectedly moved to another area ore day 
prior to shot day; thus only one line could Fe instrumented. Film badges 
in pipe nipples were attached to the neutron line out to 400 yards and 
were pulled out of the area within 10 minutes after detonation. Farther 
out, film badges were taped to stakes and goal posts of unknown composition 
and dimensions. This line was perpendicular to the long axis of the weapons. 


v (Sane) Residual contamination was generally negligible. The 20-yard 
station at Shot Hamilton was in the uowind direction and the dose rate 
was less than 10 r/hr at H+l hour. The 30-yard station on the 142° Line 
for Shot Fig was recovered within 5-10 minutes. All the water stacions 
were recovered within 10 minutes. The residual contamination data for 
Shot Fig were obtained from Reference 61. The H+l-hour readings were 


used to calculate the total residual dose from 10 minutes to the time of 
recovery (24 hours). 
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(U) Neutron data were obtained by CWL for Shots Fig, Hamilton, ani 
Humboldt, and reported in Reference 62. 


(U) The gamma and neutron data for Shots Lea, Mora, and Socorro were 
obtained by ORNL and reported in Reference 63. The gamma dosimeters 
exposed were tetrachloroethylene chemical dosimeters and AgPOQ, glass rods 
in the ORNL aluminum "Beer Mug" shield including natural lithium shielding. 
The gamma and neutron data were presented as "normalized" data for Shots 
X, Y, and Z (Lea, Mora, and Socorro). The appendix to Reference 63 provides 
the clues necessary to correct the normalized data to actual data for the 
actual shot. The "scale fa.tors" reported for the neutron data vere in- 
correct. A private communication (Reference 64) from the authors of the 


report states that the reciprocal of the neutron "scale factors" should 
be used. 


(U) The gamma data are presented in Tables 3.113 thru 3.113. Graphs 


ef gamma-dose-times-slant-range-squared versus slint-range are shown in 
Figures 3.62 thru 3.87. 


3.13 CPERATION SUN BEAM 


(U) Operation Sun Beam was conducted at NTS in July 1962. The opera- 
tion consisted of four shots of small-yield weapons close to the ground. 
A summary of the shot information is given in Table 3.119, and the meteoro- 
logical conditions at shot time are presented in Table 3.120. 


(U) The USANDL measured the initial gamma dose for the four shots 
(Reference 11). The detectors used were film in NBS holders, glass micre- 
dosimeters in tin-tantalum-teflon holders, cobalt-glass plates, calcium 
fluoride thermoluminescent dosimeters, and formic-acid chemical dosimeters. 
The formic-acid dosimeters yielded no usable data and the thermoluminescent 
dosimeters were generally lower by a factor of three as compared to the 
other three dosimeter systems. Only a few thermoluminescent dosimeters 
were exposed, and the results are not presented in this compilation. The 
dosimeters were exposed mainly in steel pipe nipples which were attached 
to pull-out recovery lines. No residual radiation corrections are necessary 
in view of the early recovery of all dosimeters. Protection from thermal 
neutrons was, in many cases, provided by a shield of lithium-6. The cobalt 
plates which were not protected by Lie yielded cata which are suspect 
since the thermal-1.eutron correction is very large and not accurately known. 
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Tne 649 film data, especially at the closer stations, gave anc=alous 
results after corrections. At some stations the fast-neutron correction 
was greater than the uncorrected gamma dose. This may be due to en error 
in the fast-neutron correction factor, but more likely it is due to dose- 
rate dependence. The 649 film provided much better data at more distant 
stations where the dose rate was lower, although the neutron-correction 
factors were the same. Some dosimeters were exposed in nylon pipes with 
nylon screw-type plugs. The thermal-neutron flux inside these nylon 
shields was generally higher than the thermal-neutron flux outside the 


shield by a factor of 2.2. This is taken into account in correcting the 
data obtained in nylon shields. 


(U) The neutron data were obtained by USANDL and reportec in Reference 
65. Neutron and gamma data were obtained at the same stations. Some of 
the neutron data roints are far removed from the smooth curve of the RI” 
versus D plots. The make-up of the stations may have caused this devia- 
tion. The neutron data used are the actual data obtained at esch station. 


(U) The gamma data are presented in Tables 3.121 thru 3.124. Graphs 


of gammaedose -times-slant-range-squared versus slant-range are shown in 
Figures 3,98 thru 3,93, 


3.14 OPERATION FISH BOWL 


(U) Operation Fish Bowl- was conducted at the Johnson Islend Test Area 
during the summer and fall of 1962. The operution consisted of ten high- 
altitude detonations, five of which achieved a nuclear yield. Pertinent 
shot informetior. is presented in Table 3.125. 


(U) Gamm: measurements were made by USANDL (Reference 64). The main 
detectors were film in NBS holders, silver_phosphate-glass microdosimeters, 
and cobalt plates. The gamma instrumentation was contained in three re- 
coverable pods for each shot. The pods were attached to the laurch vehicle 
and released at the proper time during the early part of the trajectory. to 
place them at various distances from the detonation point. The three gamva 
instrument packages per pod were placed at the center of the fod ard were 
surrounded by various objects and cushioning. Some of the cotalt plates 
were placed in the neutron-detector packages which were place< at the rear 
bulkhead and presumably were so oriented that they looked directly at 
the burst. The cobalt plates in the neutron package recordec less dose 
than that recorded by the cobalt plates in the gamma package. The greater 


42 


see ee 


shielding around the gamma package would indicate that the reverse should 
be true. However, much of the shielding was a high-hydrogen-content cush- 
ioning. This material may have thermalized scme of the fast neutrons 

and provided a higher thermal-neutron flux at the gamma package than at 
the neutron package. Since the cobalt plates are highly thermal-neutron- 
sensitive, this thermalization effect may have been the cause of the 
discrepancy in the readings. 


(U) Neutron measurements were made by the USANDL (Reference 65). No 
thermal-~neutron-flux values are given because of the doubtfulness of the 


validity of the small differences between the cadmium-shielded and the 
unshielded gold detectors. 


(U) Since the thermal-neutron-flux values are not available, and the 
effects of the difference in the positioning of the neutron and garmna 
packages in the pods and the effects of the shielding material are not 
known, the gamma results have not been corrected for neutron and shielding 
effects, The wicorrected gamma results are presented in Tables 3.126, 
3.127, and 3,128 and the curves of gamma-dose-times-slant-range-squarei 
versus slant-range are shown in Figures 3.94, 3.96 ard 3.9% 
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(S38) TABLE 3.1 SHOT INFORMATION - OPERATION SANDSTONE 


a 
“Lotation Height Yield 
and 


Shot Date and Time of 
Designation Fired Type Burst ‘ 
ft kt 
X-ray 14 April 1948 Janet-Tower 200 3% 
1816:59 GMT 
Yoke 30 April 1948°' Sally-Tower 200 ug 
1808-59 GMI 
Zebra 14 May 1948 Yvonne-Tower 20) 18 
1804 :60 GMT 
(U) TABLE 3.2 METEOROLOGICAL DATA - OPERATION SANDSTONE 
Shot Pressure Temperature bd 0/d, (ps/p)* 
mb ok g/cm x10” 
{{1>.3 
X-ray 3390 297 1.40 1.09 0.85 
(OCF. 3 
Yoke wes 299 1.23 0.95 1.12 
1907.9 
Zebra . 300 0.95 0.73 1.88 
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Figure 3.1L Ler) Operation Sandstone - Shot X-ray - Corrected gamma-dose-times— 
slant-range-squared versus slant-range (uv). 
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Figure 3.2 ae Operation Sandstone - Shot Yoke - Corrected 


gamma-dose-times—slant- range squared versus 
Slant-range (U). 
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9 Operation Sandstone - Shot Zebru - Corrected gamnaiose-times-slant- 


Figure 3.3 
range-squared versus slant-range (U). 
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/ 
U\ say TABLE 3.6 SHOT INFORMATION - OPERATION RANGER 
Nw 


Location Height Yield 
Shot Date and Time and of otal Fission 
Designation Fired Type Burst 
ft kt kt 
Able 27 Jan 1951 FF*_Air 1060 =. 11.3 1.3 
1344:51 GMT 
Baker I 28 Jan 1951 ¥FF*.Air 1080 7.4 TA 
1352:05 GMT 
Easy 1 Feb 1951 FF*.Air 1080 sl. iS, 
1346:39 GMT 
Baker II 2 Feb 1951 FF?-Air 1100 —s«7~-7 7.7 
1348:48 GMT. 
Fox 6 Feb 1951 FF?-Air 1435 22 22 
1346:55 GMI 


a 


Sprenchman's Flat 


(U) TABLE 3.7 METEOROLOGICAL DATA - OPERATION RANGER 


i 


Shot Pressure Temperature Density p/P; (p,/p 
mb 5x g/cm x10" 

Able 903 271 1.14 0.88 1.29 

Baker I 899 270.2 1.14 0.88 1.29 

Easy 919 261.5 1.21 0.93 1.16 

Baker JI 883 263.8 2.14 0.88 1.29 

Fox 909 271 1.14 0.88 1.29 
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Operation Ranger - Shot Able (Access Road) - Uncorrected gamma-dose- 
times-slant-range-squared versus slant- range (u). 
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Figure 3.5 Operation Ranger - Shot Able (Generator 
Road) - Uncorrected gamme-dose-times-slant- 
range-squared versus slant-range (U). 
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OPERATION RANGER 
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Figure 3.67¢S-RD> Operation Ranger - Shot Baker I (Access Road) - 
Uncorrected gamma-dose-times-~-slant-range- 
squared versus slant-range (U). 


54 


Uncorrected Gamma Dose x= Sion! Range Squored (1 ya") 


ad 


ete 


rR... «. 


AA PPS we - 


PEF. 


v4.5 


Pe. 


Oy ae ee oe Pete dt ea | 


oe 


Cie: 


tc yo? 


Slont Ronge Squared 


Uncorrected Gommoa Dose 


10% 


Lil 


OPERATION RANGER 
Shot Baker I (Generator Road} 


Nt ( 


430 -7]OO) 50-1200 «21450 = I700: «1950 «2200 2450 2700 2950 300 3450 «3700 3950 
vy) Slant Range (yd) 


” 
Figure 3.7 ) 


Operation Ranger - Shot Baker I (Generator 
Road) - Uncorrected gamma- esi i Aaa *ant~ 
range-squared versus slant-range| fu). 
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Figure 3.9 (StRE} Operation Ranger - Shot Easy (Access Road) - 
Uncorrected gamm>—dose-times-slant- range-— 
squared versus slant-range(U). 
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Figure 4.9°(S-RD} Operation Ranger - Shot Easy (Generetor 


Road) - Uncorrected gamma-dose-times-—slant— 
range-squared versus slant-range (U). 
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Figure 3.10 (§-n0) Operetion Ranger - Shot Baker II (Access 


Road) - Uncorrected gamma-dose-times- 
slant- range- squared versus slant-range(U). 


39 


eee 


= om, 


ae ae ae 


wis 
A 


« 


ave ee 


* 
1 
OPERATION RANGER 
ne Shot Baker I (Generator Road) 
w? 


A 
HAN 


ik 


ANIA 


450 700 350 #1200 1450 1700 1980 2200 250 270 2950 MOO 3450 3700 350 


(\) Siont Range {yd} 


Operation Ranger - Shot Baker II (Generatc? 
Roza) - Uncorrected gamms-dose-times-slant- 
range-squared versus slant-range (U). 


(r yws®) 


a Stent Range Squared 


Uncorrected Gommo 


3 
« 


Figure 3.11 {S=R5+ 


60 


‘wal, 


Tay mp alr OP pe ware AY, 
peerings inp) ee ", 


oA 
An phe 
eal Shell Rati Be 


A 


ar 
90402 Soe 


ya3a9949 


v3I173 94 


veevrvuesveevuuuveevuwe. ev Bie 
3.193 


ag . ed 


s 


Prat ag ee 


ee ee ee ee 
N 


me | (IK) yey i 


pass OHS 
ere 


weTF 


4 


(rpc isp 71's ria ae 


(YD 


“¢ 2 outs 
‘ ¢ - ie hee > wet 
a r Tes d-"e > at fe 
a ' erewr ve > i, 
a P Chae a Pad z er if 
a r ppm ve A 3 oF ait 
Fs Pr grr oes atk 5 > cet 
~ r ernas'7 e . 2 en ae 
Ld r Oma ¢. " ef, > 7% _ 
a re TEL). wnt “ay > Tea? 
- . hear > o7L"2 
a r £TKOH"T 4 qr oh 
a Pp i ta i ek 2 oz ws 
a ° NTLah eG > m a 
a P outro «ovit 3 cen’ 2 
a P Pal cd ire ie > oEcte 
= P eo Mirw Slat 3 of2"2 
° i a a a ete 
Py P “4 my > ona'z 
i 2 7 Daly fied 3 mel 
3 P ne mrry a OTF 
s P can wary 2 mT 
a P repo wy 3 O57°T 
» ' nn wm a out 
won" ee mrt > cm 
- ; ek PDh waret: > ole" 
a Tr dik m1 ah Lil Ld 3 ee 
. ® eCery root saree > at" 
bs r arm" ofatc om a om't 
» r aweTEtt Ss Ce ed A 2 coe’ r 
pf 
1 


amy 
wer | TEL 
pnar Td 
~20Fs 


ao 


SETA nerdy 6 a Tb 


ae amie 
() 


Fe BOS a =. 


wie a 


5 MO ea 


‘ 


ed 


Iw 2 


Sion Ronge Squored (1 a 


Uncorrected Gommo Dose 


OPERATION RANGER 
Shot Fox (Access Road ) 
| | 
at | 


10# 
730 1000 1250 1500 1750 2000 2280 2800 2750 


() Slant Range (yd) 

Figure 3.12 AU) ) Operation Ranger - Shot Fox (Access Road)- 
Uncorrected gemma-dose- times- slant- range- 
squared versus slant-range (U). 
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Figure 3.13 ¢ Operation Ranger - Shot Fox (Generator 
Road) - Uncorrected gamma-dose-times~ 
slant-range-squared versus slant-range (U). 
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(S-RD) TABLE 3.13 SHOT INFORMAIOTN - OPERATION GREENHOUSE 


OO reese 


Name Location - Height 


Shot Date and Time of and of Total Fission 
Designation Fired Device Type Burst 
Dog 7 April 1951 Yvonne-Tower 300 
1833:57 GMT ar nameenemengpnies 
Easy 20 April 1951 Junet-Tower 300 46 
1827:00 GMI 
George 8 May 1951 Ruth-Tower 200 
2130:00 GMI 
Item 24 May 2951 Janet-Tower 200 
1816:59 GMr 


ee 
®Not reported. 


(U) TABLE 3.14 METEOROLOGICAL DATA - OPERATION GREENHOUSE 


ese 


Shot Pressure Temperature Density o/n5 (ps/p)* 
a ar ey, 
Dog 1000 298 1.17 0.96 1.23 
Easy 1000 298 1.17 0.90 1.23 
George 1000 300 1.17 0.90 1.23 
item 1000 304 1.15 ; 0.89 1.26 


re) OPERATION GREENHOUSE 
Shot Easy 


(r yd?) 


Siont Range Squared 


Corrected Gamma Dose 


400 600 800 1000 1400 180 2200 2600 3200 
i Slant Range (yd) 
Figure 3.15 (S Operation Greenhouse - Shot Easy - 


Cozrrected gamma-dose-times—slant~ range- 
squared versus slant-range (U). 


Paes 6e ~heuw 70 ‘Deleted, 
67 


ne lS 


TL 


/ 
os TABLE 3.29 SHOT INFORMATION - OPERATION BUSTER- JANGLE 


Location Height 


Shot Date and Time} and of Total Fissio 
Designation Fired Type Burst ] 
ft kt kt 
Able —«- 22: Oct::1951 Area 7-Tower 100 1.8° 1.8" 
1400 GMT 
Baker 28 Oct 1951 Area 7-Air 1118 3.5 335 
: 1520:09 GMI 
Charlie 30 Oct 1951 Area 7-Air =—-:1132 14.0 14.0 
1500:29 GMT 
Dog 1 Nov 1951 Area 7-Air 1417 21 el 
1530:01 GMI 
Basy 5 Nov 1951 Area 7-Air 131k 31 32 
3629:58 GMP 
Surface 19 Nov 1951 Area 9-Surface 3.5 1.2 1.2 
1700 GMT 
Underground 29 Nov 1951 Area 10- -17 1.2 l.2 
1959:59 GM" Underground 


8crams 


(u) TABLE 3.20 METEOROLOGICAL DATA - OPERATION BUSTER-JANGLE 
Shot Pressure Temperature Density 0/Ps (ps/p)” 

g/em x1 
Baker 877 284.4 1.05 0.81 4553 
Charlie B72 278.3 1.06 0.82 Lhd 
Dog 876 288.5 1.03 0.79 1.60 
Easy &78 284.3 1.05 0.91 1.53 
871.5 274 1.10 0.85 1.39 
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Figure 3.187(S=RB)_ Operation Brster-Jangle - Shot Baker - 
Corrected gamma-dose-times-slant-rangeé 
squared versus slant-range (U). 
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dose—times-slant-range-squared versus 
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Figure 3.50 (SSR) Operation Teapot ~ Shot 10 (High~Altitude) - 
Partially corrected gamma-dose-times-slant- 
range~squared versus slant-range (U). 
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Figure 3.51“€S=RB}. Operation Teapot - Shot 11 (Post) - Cor- 
rected gamma—dose-times—slant-range- 
squared versus slant-range (U). 
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Figure 3.52 Operation Teapot - Shot 12 (Met) - Corrected gamma-dose-times- 
slant-range-squared versus slant-range (U). 
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Figure 3.53 (2-82) Operation Teapot - Shot 13 (Apple II) - 
Uncorrected gammea-dose-timec-sturnt-range- 
squared versus slant-range (U), 
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(s-#6) TABLE 3.79 INITIAL GAMMA DOSE DATA - OPERATION TEAPOT, SHOT ZUCHINNI 


Uncorrected Keutron Flux 
Slant Azimuth Film Gamma Au Pu Np U §& Shield 
Range Type Dose Type 
yd r 
1,500 a 1290 530 b c 
1,600 a 12% 350 b c 
1,700 a 1290 230 b c 
1,800 a 1290, 606 150, 130 b c 
1,900 a 1290, 606 90, 77 b c 
2,000 a 1290, 606 63, 55 b c 
pa 2,100 a 1290, 606 42, 38 b c 
@ 2,200 a 1290, 606 30, 27 b c 
2,300 a 1290, 606 22, 20 b ¢ 
2,400 a 510 13.5 b c 
2,500 a 510 1l b c 
2,600 a 510, 502 B.4, 8.0 b c 
2,700 a 510, 502 6.3, 6.0 b c 
2,800 a 510, 502 4.7, 4.4 b c 
2,900 a 510, 502 3.5, 3.1 b c 
3,000 a 510, 502 2.6, 2.3 b c 
3,200 a 502 1.45 b ec 
3,400 a 502 0.78 b ¢ 
I 
punknown. 


No neutron aat2. 
CNBS film holder attached to angle-iron stake. 
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Figure 3.54 (SRB) Operation Teajot - Shot 14 (Zucchini) - 
Uncorrected gtrma-dose-timos-slant-range- 
squared versus slant-range (U). 
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(S-RD) TABLE 3.93 INITIAL GAMMA DOSE DATA - OPERATION PLUMBBOB, SHOT BOLTZMAN 


ST 


: Uncorrected Neutron Flux : 
Slant Azimith Type Gamma See Shield 
Range Detector Dose Au Pu Np U & Type 
yd r nfem® 
1,576 1i163°42'49.5" Film 606 248.0 a 1 Emmett 
2,109 163°42'hg.5" Film 510, 606 28 .5-33.0 a Emmett 
5,711 - Film 502 0.10 a Franklin 
Shot Tower 


rp 


8Insufficient neutron uata to extrapolate to the slant ranges of interest. 
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Figure 3.69 (S*RQ) Operation Plumbbob - Shot Diablo - Uncor- 
rected gamma-—dose-times-slant-range~sauared 
versus slant-range (U). 
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Figure 3.70~(3-R2}- Operation Plumbbok - Shot Kepler - Uncor- 


rected gamma—dose-times-slant- range -squared 
versus slant-range (U). 
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Figure 3.74 TS=RD) Operation Plumbbob - Shot Doppler - 
Corrected gamma-dose- times -slant-range- 
squared versus slant-range (U). 
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Figure 3.75 (S*RD)_ Operation Plumbbob ~ Shot Franklin Prime - 


Corrected gamma-dose-times-slant- range ~ 
Squared versus slant-range (U). 
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Figure 3.79 (BSeQ)_ Operation Fliumbbeb - Shot Fizeau - 


Corrected gamma-dose-times-—slant-range— 
squared versus slant-range (U). 
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versus slant-range (U). 


192 


10? 


TOT ST 
of 
oO 
© 
= § 
3 4 
J 2 
Oe 
o 
c 
zy 
° 
—- ds 
ac 
aw 
LTT 
a 
oO 


I2O* Azimyth 


oO 


(27° Azimuth 


i 2PA 2) pasenbs abupy tis 


y ps0og CWWwey = pa9a.205uf) 


£490 


ple) 


Pege ' yd) 


‘ont 


' 
ioe 


Figwe 3,81 (234 


"y 

oF 

wt 

an 

t 

a) 

Q 

aa 

1 

. 

| * 

iC) as. 

7 ora 
— 

us 

ke 83 

we eT 

7 - 

t 

my 

ry { 
a2 

a 5 

on 

+ ort 

or. 

Mot. 

be Td 

A otn 

ee: 

Soo 

he 

RAO 


fE7T ag’ OUT roe 
byt evo n't io bbe 
Sart €g"a wo" £7902 
Fat oy"0 mart He 
yo't 09"0 orl g' maz 
ca") 06°o 4071 tot 
pr w/e bE 
A o/Fay "a/e £3) T3uaq ammerzinaL 


aunwearg 


$$ 


Vets el 


OLN! sag 


voy jus] 


wel 


wiOYy 


ota 
29 


ec OTELT'T 


at 


danol § Say-5ul 


uootivd L tary-sily 


dam] ~ J‘ d- Bie 


wooTT'd 4 bale Slt 


Bool ed £ Saly- BLN 


w1ayNg- wWaOAL 
wats~Odd 


THD 007 Shi 
QS6T 390 62 


ad 00/0881 
A66T 220 22 


IN? 00700591 
GS6T 390 $1 


LD OD-02ET 
e661 290 FT 


TAD 0075041 
Bet wes 62 


IO G0: DRO 
fit. Oy 41 


MOVLQUWA MOTIVHadO - YING TWOTODIOMOGLAN Zt! £ F1avl (n] 


7 PTOqH 


o110.y 


vor 1 Fam 


ee 


paatd 


wil pus aye 


uo (383 1 @ aT 


ey 


VOVLOSWH NOTIVHSdO - NOLLMOdNT LoNg ITE“E TIG¥L Gy 


qu debeled 


c 
‘ 


Pages (98 


Mate 


PATON asup  Qwg  we 
eye! vue - alt] 


admis ae 


aera, Par of In me ery Tht ie oh ob 1 1 NI ny 
ne Ee 
ae me mpg orp. 


Wert DOS CWAVLEIWE Ted tear, 7 viv oP ad be era me at 


MITT TT gills 2 yOlAaH'S 


ow? > 
oH? a mp OTTE DT SME ST guilten » Be i tat 
el 2 : Mle gwitel a porate? a 
S| > amy eg UeLe | OTATR © sa 
tS > nemer 2s peter pari of . a 
754 > Or OL ee i tele . sy" 
Cul ? Pe ee 1o14 oe ' iv 
Cur 2 pete th yw wey A 1 we 
221 a OTe Pope he pute a Hosa 
edt a Q 1 Leet ep bite 4 me. e 1 PL 
eal » Lae a PUP oy eet plays ae soa 
4-1 4 q " eferrre quik T tn 
146 2 Try 1 Lite ech eitiase y : ia 
ey 1 ’ i] vite bo lage & ' 
i Lt 
nS a 
woTS"a asoj D,352 0 2807 HOTT vor mere POP Ae ed 
a 1 ’ ' 


Isr 
[mae 
ny 


-]dizes, watt UOAVU  AMe, t an OY +t EO, 
VOT bedehtOy Made Paded TOR Plats Tees 


“opteleio — VEwu pawl walwe fyerink att oy Cob 


ji 


-4 


“om te eee 
tee 
. > ert 


=F 
Cea 
en ea 


ee ee a eo a 


cia a a lad (a = 
| 


| 


OPERATION HARDTACK 


Shot Mora 
Cc Chemical 
x Glass 


Slont Range Squored {1 yd*) 


Conecied Gomma Dose 


| 
Pe at Sneek ae AL = ia L hwy Bp t. , 4. Be. £8 
300 Terers) $09 1900 
\) Slant Range (yd) 
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Figure 3,84 TS=Rb) Operation Hardtack - Shot Lea - Corrected 
gamna-dose-times-slant-range-squared versus 
slant-range (U). 
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(sap) 4. The gold, fast, and shield corrections are added and this 
value is subtracted from the uncorrected gamma dose to give a corrected 
gamma dose: 


1 


17,500r - (408 + 3590 * 1230) = 12,272r = 12,300r 


(of 5. To correct for the gamma attenuation of the shield, gamra 
attenuation factors for each shield type were calculated for gamma energies 
of 1, 3, and 5 MeV using _l_ to calculate the attenuation factor. The 


om oe 


a “x 

appropriate attenuation tractor for the stant range and shot yield was 
multiplied by the corrected gamma dose to obtain the final corrected 
: gamma dose: 
i 
x 12,300r x 1.14 = 14,022r = 14,000r. 
rs (SAR) 6. To save time, “magic numbers" which are the scil gamma 
e) dose for 1x10°* thermal neutrons Perysquare centimeter and for 1x10'? 


fast neutrons per square centimeter were calculated for Nevada-type soil, 
58 coral, and water using the methods outlined in Reference 5. To calculate 
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ae 


the soil contribution, the thermal ' ‘magic number" is multiplied by the 
thermal-neutron flux divided by 1x10 ed n/cm and added to the fast-neutrci 


moe 


“magic number" multiplied by the fast-neutron flux (Pu) divided by 
1xl0°“ n/em*. This result is multiplied by k using the forma: 


1.k 2 /R-1 
Jah + J/3 cos 0 


where 9 = anglic between normal to surface of ground and path of neutron 


beam from point of detonation 


Os 


Ca 


where 


O, = microscopic scattering cross section of soil 
Oo, = microscopic absorption cross section of soil 


and then multiplied by the build-up factor for soil. 


The constants for Nevada-type soil are: 


Thermal "Magic Number" = 523r 


Fast "Magic Muziber" = 35lr 
YR = 8.17 
Build-up factor 21.3 


18 sais 2 
(sear x 3.59x10 3.59x10!* n/cm® a (36x x 1.0bxi0°" n/em™ 5 
1x10°7 n/cm* 


1x10" fem n/em 


1878r + 3754r = 5632r 


raed 7.17 a Tolt 2 ee NT 
8.17 + /3 x 0.447 8.17 + .773 8.943 


4 


k = 0.198 


5632r x 0.198 = 1115r x 1.3 =1449r = 1450r which is the soil contri- 
bution. 


(U) To correct the burst conditions to standard air density the 
following formulae for correcting the slant range and dose must be used. 
Standard density, ps, 1s defined as 1.293xl0“g/cm’, the density of dry 
air at O°C and one atmosphere pressure. 


The corrected slant range, R5, is given by 


ee R 
Ps 


and the corrected dose, De» is given by 


with p/p, given by 


P 
p/p = 0.269 = (c, ~ G a. eee) 


where C, = 1 
C, = 1/2(0.269x10% p, g y/T) 
C; = 1/6(0.269x107 p. g y/t)* 
Cy = 1/24(0.269x10~ 95 g y/T)? 
Py = pressure at the detector, mb 2 
g = acceleration due to gravity, cm/<cec 
y «= height of burst, cm 
T = temperature, °K 


(U) The slant range and dose-correction factors were so calculated 
by approximating p/p, vie the parameter y/t that only those C's whose 
values were equal to or greater than 0.01 were included. Inclusion of 
only C, assumes, in effect, a constant density between source and detector. 
Inclusion of Cy and C, assumes a linear variation in density with height 
between source and detector. Inclusion of all the C's assumes an ex- 
ponential variation in density with height. 
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(U) For the Tezpot and Plumbbob series where both the ground and 


burst conditions are available, the correction factor is given by 


where 


= ground conditions 


a 
b = burst height conditions 
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